Objective: This study aimed to document the ages at which preterm neonates commence suckle-feeds and attain exclusive suckle-feeding, as well as the time taken to transition from commencement of suckle-feeds to exclusive suckle-feeding. It was hypothesized that gestational age (GA) at birth and degree of neonatal morbidity would influence the timing of these early feeding milestones.
Introduction
Unlike full-term neonates, who are almost always able to successfully suckle-feed from birth, many preterm neonates display difficulties in establishing suckle-feeding competence. As a result, most will require some degree of tube feeding in the weeks following birth until they develop the necessary skills to feed independently by mouth. The two main oral feeding milestones that preterm neonates must achieve in early life are, first, the commencement of suckle-feeds and, second, the attainment of independent/exclusive suckle-feeding. It is often assumed that neonates possess the skills necessary to commence suckle-feeds by 34 weeks gestational age (GA) and will be able to maintain exclusive suckle-feeding before 37 weeks GA. 1 However, to date, few studies have systematically investigated the age at which preterm neonates attain these essential early feeding milestones, 2, 3 or the factors that influence this important aspect of neonatal development. 4 To be able to commence suckle-feeds, a neonate needs to demonstrate the ability to suckle, and the ability to coordinate suckling, swallowing and breathing at least over short periods of time. For the attainment of exclusive suckle-feeding, the neonate must demonstrate the skills and endurance to suckle well, and to proficiently coordinate suckling, swallowing, and breathing, over longer time periods (that is, over the duration of an entire feed, for each of the feeds throughout the day). It has been suggested that both the degree of prematurity at birth and the degree of morbidity may hinder the attainment of these milestones in the preterm population. 5 Depending on their GA at birth, preterm neonates may display various degrees of immaturity of their nervous, anatomical and physiological control systems, which have the potential to affect the strength, coordination and efficiency of the skills required for suckle-feeding. Several studies have documented that for preterm neonates, suckling skills [6] [7] [8] and the coordination of suckling, swallowing and breathing [9] [10] [11] [12] [13] [14] [15] improve with ongoing post-natal maturation. However, few studies have specifically investigated the relationship between GA at birth and either GA at commencement of suckle-feeds or GA at attainment of exclusive suckle-feeding.
In addition, a small number of studies have investigated the attainment of suckle-feeding milestones in preterm neonates with specific morbidities. [15] [16] [17] [18] [19] [20] The results from these studies suggest that certain comorbidities affecting the respiratory and circulatory systems may affect the ability to suckle-feed in preterm neonates. [15] [16] [17] [18] [19] [20] However, there is minimal information regarding the effects of morbidity affecting other body-systems involved in feeding, such as the digestive and nervous systems. In addition, there are no large studies that have specifically investigated the relationship between the overall degree of neonatal morbidity and age at commencement of suckle-feeds and/or age at attainment of exclusive suckle-feeding. Clearly, further research is still required within this area.
Aims
This study was designed to document the ages at which preterm neonates commence suckle-feeds and attain exclusive suckle-feeding, as well as the time taken to transition from commencement of suckle-feeds to exclusive suckle-feeding. In addition, the study examined the association between the timing of these early feeding milestones and both the degree of prematurity at birth and the degree of neonatal morbidity, as it was hypothesized that both of these factors would influence the attainment of early feeding milestones.
Methods

Participants
Data on participants were collected as part of the Queensland Neonatal Feeding Study (QNFS), which investigated the feeding patterns of preterm neonates during their birth-stay in hospital.
As part of the QNFS, a retrospective chart review was conducted for all neonates born <37;0 weeks GA (as established through ultrasound studies) who were admitted to a tertiary level perinatal facility (housing both a Level III and a Level II nursery, in addition to regular maternity wards) in Qld, Australia, over a 12-month period from January to December 2003 (n ¼ 735). Neonates were excluded from the study if they died or were transferred to another hospital before achieving suckle-feeding milestones. Hospital policy ensured that all mothers were encouraged to breastfeed their neonates, and breastfeeding support was provided to assist mothers. Neonates were bottle-fed in cases where the mother was either not present at a feed time or was unable or unwilling to breastfeed, or in cases where the neonate was unable to successfully feed at the breast despite assistance. None of the neonates were enrolled in any programs aimed at promoting improved suckle-feeding skills.
Procedure
The medical history of neonates, including birth weight (BW), GA at birth as well as information relating to the number and type of medical comorbidities demonstrated during the neonatal period, was determined from medical chart reviews. The degree of neonatal morbidity was rated using the Morbidity Assessment Index for Newborns (MAIN). 21 The MAIN consists of 47 binary test items, which can be scored from information routinely available in neonatal medical charts. Test items are weighted to reflect the severity of the medical condition they relate to. An overall MAIN score is calculated for each child by totaling the weighted scores from each of the test items that the child scored positively on and, therefore, the higher the score, the greater the degree of overall morbidity that was demonstrated. Chart reviews were conducted by a single researcher. Approximately 5% of charts (n ¼ 35) were also reviewed by a second researcher who was blinded to the results of the first reviewer. This allowed inter-assessor reliability calculations to be performed. Full agreement between the investigators was obtained across 94% of charts (33/35). A discrepancy of only one item in each chart was found between the investigators in the remaining two charts.
This study was approved by the relevant Hospital and University Human Research Ethics Committees (Royal Brisbane and Women's Hospital and the University of Queensland).
Dependent variables
The dependent variables of interest included age at commencement of suckle-feeds and age at attainment of exclusive suckle-feeding. Age was measured relative to both the time of conception (that is, GA) and the time of birth (that is, chronological age). Commencement of suckle-feeds was defined as the first attempt at suckle-feeding where sufficient volume was taken to justify a reduction in the volume of the subsequent tube feed (that is, X10 ml of the prescribed feed from a bottle, or 5 min continuous suckling at the breast). Suckling attempts were offered to neonates once they were physiologically stable. Specifically, as part of routine nursery practice, neonates who were able to tolerate enteral feeds and who had no mechanical ventilation requirements were offered non-nutritive suckling attempts at feed times. If neonates were alert and perceived to be suckling well, then nutritive suckling opportunities (that is, oral feeds) were offered. Attainment of exclusive suckle-feeding was defined as the time when all feeds were consumed by mouth, followed by two consecutive days of exclusive suckle-feeding. Transition time was calculated by subtracting age at commencement of suckle-feeds from age at attainment of exclusive suckle-feeding. Duration of tube feeding was calculated by subtracting age at commencement of tube feeds from age at attainment of exclusive suckle-feeding.
Statistical analysis
Descriptive statistics (mean±s.d.) relating to feeding outcomes were performed for the whole preterm group as well as for subgroups on the basis of GA at birth (completed weeks) and MAIN score (grouped into 300 point increments).
To determine the relationships between neonates' GA at birth and MAIN score with both GA at commencement of suckle-feeds and GA at attainment of exclusive suckle-feeding, univariable and multivariable Cox regression analyses were used. Cox regression analyses were performed on the basis that such analyses can determine the likelihood of an event occurring over time (for example, the attainment of milestones) based on the value of risk factors. To determine the relationships between neonates' GA at birth and MAIN score with both their duration of tube feeding and transition time, univariable Pearson correlation analyses and multivariable regression analyses were used. For all regression and correlation analyses, GA was measured in completed weeks and MAIN score was measured in increments of 100 points. The Statistical Package for Social Sciences (SPSS) was used for analyses of results.
Results
Of the 735 eligible subjects, 472 had complete data available regarding age at attainment of suckle-feeding milestones ( Figure 1 ). Chart reviews indicated no statistically significant differences between the study group and those who were excluded in terms of BW, GA at birth or degree of morbidity. The distribution of BW and GA at birth in the study sample group approximated that of the Australian preterm population from which they were drawn. 22 Neonates varied in terms of BW from 520 to 3690 g (mean 2061±618), with GA at birth ranging from 23;2 to 36;6 weeks (mean 32;5 ± 3;2). Overall, 9% of neonates were small for gestational age (SGA) (that is, BW <10th percentile for GA) and 6% were large for gestational age (LGA) (that is, BW >90th percentile for GA). As expected, lower GA at birth was associated with higher MAIN score (r ¼ À0.76, P<0.001).
Across the preterm group as a whole, the mean age at commencement of suckle-feeding was 34;3±2;5 weeks GA; the mean age at attainment of exclusive suckle-feeding was 36;4 ± 2;6 weeks GA; the mean transition time was 2;2±1;4 weeks GA, and the mean duration of tube feeds was 3;2 ± 3;1 weeks. No significant differences were found between neonates who received exclusive breastfeeding, partial breastfeeding or exclusive bottlefeeding in any of these variables. Of interest, 90% of neonates (424) commenced oral intake as breastfeeds. At discharge, 55% of neonates (259) continued to receive exclusive breastfeeds, 31% (147) received combined breastfeeds and bottle-feeds, and the remaining 14% (66) received bottle-feeding alone.
Subgroup trends
Subgroup analyses of feeding outcomes based on GA at birth and MAIN score are shown in Tables 1 and 2 . Of note, in extremely premature neonates born <28;0 weeks GA, GA at commencement of suckle-feeds and at attainment of exclusive suckle-feeding were found to be high relative to the overall group mean (mean age at commencement of suckle-feeds 34;6 to 35;0 weeks GA; mean age at attainment of exclusive suckle-feeding 38;4 to 39;6 weeks GA), though there was much variability within this subgroup. Transition time was also long in this subgroup relative to the overall group mean (mean length 3;6 to 4;6 weeks) (Figure 2 ).
In contrast, for moderately premature neonates born 28;0 to 32;6 weeks GA, GA at commencement of suckle-feeds was lower than the overall group mean (mean age 33;3 to 33;6 weeks GA) and was mostly consistent. Despite this, transition time was still long in this subgroup relative to the overall group mean (2;4 to 3;5 weeks), particularly for those with a lower GA at birth. Subsequently, GA at attainment of exclusive suckle-feeding was generally higher than the overall group mean, especially for those neonates born at a lower GA (mean age 37;4 weeks GA for neonates born at 28;0 to 28;6 weeks GA vs 36;2 weeks GA for neonates born at 32;0 to 32;6 weeks GA) (Figure 2) .
Mildly premature neonates born 33;0 to 36;6 weeks GA generally had a higher GA at commencement of suckle-feeds than the overall group mean (mean age 34;1 to 36;5 weeks GA), but this usually occurred shortly after birth. Transition time was short relative to the overall group mean, especially for those neonates with higher GA at birth (mean length 0;2 weeks for neonates born at 36;0 to 36;6 weeks GA vs 1;6 weeks for neonates born at 33;0 to 33;6 weeks GA). Therefore, GA at attainment of exclusive suckle-feeding was generally lower than the overall group mean and was mostly stable across this subgroup (mean age 35;6 to 36;6 weeks GA) (Figure 2 ).
Relationship between GA at birth and attainment of suckle-feeding milestones The relationship between GA at birth and GA at commencement of suckle-feeds was found to be nonlinear using univariable Cox regression analysis. Visualization suggests that a curved relationship existed between these variables (Figure 2 ), such that neonates with a GA at birth <28;0 weeks and those with a GA at birth >33;0 weeks commenced suckle-feeds at a higher GA than those with a GA at birth between 28;0 and 32;6 weeks GA. In contrast, a linear relationship was found between GA at birth and GA at attainment of exclusive suckle-feeding using univariable Cox regression analysis, such that the lower the GA at birth, the higher Figure 1 Cases available for inclusion in regression analyses.
Feeding milestones in preterm neonates P Dodrill et al was the GA at attainment of exclusive suckle-feeding (relative risk (RR) ¼ 1.16, 95% CI ¼ 1.10 to 1.22, P ¼ <0.001). Interestingly, when the effect of neonatal morbidity was controlled for in multivariable Cox regression analyses, a low GA at birth was found to be a significant protective factor against delayed commencement of suckle-feeds (RR ¼ 0.91, 95% CI ¼ 0.87 to 0.96, P ¼ <0.001), but still a significant risk factor for delayed attainment of exclusive suckle-feeding (RR ¼ 1.09, 95% CI ¼ 1.07 to -1.12, P ¼ <0.001).
A lower GA at birth was also found to be associated with increased transition time from commencement of suckle-feeds to exclusive suckle-feeding (r ¼ À0.64, P ¼ <0.001) and with increased duration of tube feeds (r ¼ À0.74, P ¼ <0.001) using correlation analyses. Regression equations outlining the relative association between both GA at birth and the neonatal morbidity rating and both of these feeding outcomes are listed in Table 3 .
Relationship between neonatal morbidity and attainment of suckle-feeding milestones
The relationship between degree of neonatal morbidity and GA at commencement of suckle-feeds was again found to be nonlinear by Feeding milestones in preterm neonates P Dodrill et al univariable Cox regression analysis (Figure 3 ), such that those with a MAIN score <601 or >1800 commenced suckle-feeds at a higher GA than those with a MAIN score between 601 and 1800. However, a linear relationship was found between the degree of neonatal morbidity and GA at attainment of exclusive suckle-feeding using univariable Cox regression, such that a high degree of neonatal morbidity was associated with a higher GA at attainment of exclusive suckle-feeding (RR ¼ 1.43, 95% CI ¼ 1.33 to 1.54, P ¼ <0.001). When the effect of GA at birth was controlled for in multivariable Cox regression analyses, a high degree of neonatal morbidity was found to be a significant risk factor for both delayed commencement of suckle-feeds (RR ¼ 1.25, 95% CI ¼ 1.20 to 1.31, P ¼ <0.001) and delayed attainment of exclusive suckle-feeding (RR ¼ 1.42, 95% CI ¼ 1.30 to 1.55, P ¼ <0.001).
A high degree of neonatal morbidity was also found to be correlated with a long transition time from commencement of suckle-feeds to exclusive suckle-feeding (r ¼ 0.49, P ¼ <0.001) and with a long duration of tube feeding (r ¼ 0.79, P ¼ <0.001). Regression equations outlining the relative association between both neonatal morbidity rating and GA at birth and both of these two feeding outcomes are listed in Table 3 .
Discussion
Commencement of suckle-feeds
We found that extremely premature neonates (GA at birth <28;0 weeks) and mildly premature neonates (GA at birth >32;6 weeks) were more mature (that is, had a higher GA) at commencement of suckle-feeds than moderately preterm neonates (GA at birth 28;0 to 32;6 weeks). We also found that preterm neonates with a mild degree of morbidity (MAIN score <601) or extremely high degree of morbidity (MAIN score >1800) were more mature at commencement of suckle-feeds than those with a moderate degree of morbidity (MAIN score 601 to 1800). These results are in contrast to traditional ideas that all preterm neonates are capable of attaining suckle-feeding milestones at specific GAs. 1 It seems likely that there are different explanations for why neonates at different ends of the prematurity and morbidity spectrums were more mature when they commenced suckle-feeds than their peers. Within the preterm group, neonates who were extremely premature at birth tended to also display a greater degree of neonatal morbidity. For these neonates, the combination of a high degree of prematurity and a high degree of morbidity is likely to have accounted for their delayed commencement of suckle-feeds. Neonates with morbidity require time to demonstrate physiological stability before suckle-feeding trials can be attempted. In contrast, neonates who were mildly premature at birth tended to display a much smaller degree of neonatal morbidity. For these neonates, the main reason for having a higher GA at commencement of 
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GA at attainment of exclusive suckle-feeding GA at commencement of suckle-feeds GA at birth Figure 3 Mean gestational age (GA) at commencement of suckle-feeds and attainment of exclusive suckle-feeding in preterm neonates; Neonates categorized by the degree of neonatal morbidity.
Feeding milestones in preterm neonates P Dodrill et al suckle-feeds appears to be due to the fact that they had a higher GA at birth (obviously, a neonate cannot commence suckle-feeding until it is in the ex utero environment). Most were mature enough and well enough to commence suckle-feeding within days of birth.
Attainment of exclusive suckle-feeds
Our results demonstrate that preterm neonates who were less mature at birth (that is, more premature) and/or who displayed a greater degree of neonatal morbidity took longer to transition from commencement of suckle-feeds to exclusive suckle-feeding, required longer periods of tube feeding, and had a higher GA at attainment of exclusive suckle-feeding. These findings are consistent with the findings of previous studies of preterm neonates, which have reported that suckling skills [6] [7] [8] and the coordination of suckling, swallowing and breathing [9] [10] [11] [12] [13] [14] [15] improve with ongoing maturity. These findings are also consistent with previous studies that have suggested that certain morbidities affecting body-systems involved in feeding, such as the respiratory and circulatory systems, may affect the efficiency of suckle-feeding in preterm neonates. [15] [16] [17] [18] [19] [20] It is also possible that the iatrogenic effects of interventions required to treat morbidities and/or the interruption of normal development caused by invasive medical interventions and time spent in hospital may also have affected preterm neonates' suckle-feeding ability as well as their stamina for the work of feeding.
Neonatal feeding development is a complex process, and there are likely to be a number of factors that interact to affect the attainment of neonatal feeding patterns. However, it is noteworthy that in our study the degree of prematurity (that is, GA) and degree of morbidity (that is, MAIN score) together accounted for 61% of the variation in transition time from commencement of suckle-feeds to attainment of exclusive suckle-feeding and 73% of the variation in duration of tube feeding.
Further to this, it is also noteworthy that results from our regression analyses suggest that the degree of morbidity may have a greater impact on feeding progression than the degree of prematurity, with the impact of an increase in MAIN score of 100 points outweighing the impact of an increase in GA by 1 week. Our clinical experience suggests that this observation is most likely due to the cumulative effect of any medical conditions and the effects of interventions (as discussed above), as well as clinician caution (that is, the additional observation time allowed by clinicians before advancing oral intake in neonates with morbidity).
Issues to be considered in future research As outlined above, our study found that both GA at birth and the degree of neonatal morbidity impact on attainment of sucklefeeding milestones in preterm neonates. Further research is needed to assess the nature of these relationships in more detail, as well as to identify other factors that impact on the attainment of suckle-feeding milestones. In particular, further work needs to be performed to identify any specific medical conditions (and/or any other specific risk factors) that have the greatest impact on attainment of suckle-feeding milestones, and to determine their relative contribution to the age at which these milestones are achieved.
As none of the neonates in this study were enrolled in any programs aimed at promoting improved suckle-feeding skills, further research is still required to evaluate whether specific interventions could assist preterm neonates (or specific subgroups of preterm neonates) in earlier attainment of exclusive sucklefeeding. Nurseries considering implementing feeding interventions are encouraged to collect benchmark data similar to those collected for this study to allow comparison of patient outcomes pre-and post-intervention.
Conclusion
This study found that there is much variation in the GA at which preterm neonates attain various suckle-feeding milestones during early development. However, overall, the results suggest that preterm neonates who are less mature at birth and/or who display a greater degree of neonatal morbidity take longer to transition from starting suckle-feeds to achieving independent suckle-feeding, and are more mature at attainment of independent suckle-feeding.
